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1.0 INTRODUCTION AND SUMMARY

1.1  INTRODUCTION

The Molycorp molybdenum mine is located on the western slope of the Taos Range of
the Sangre de Cristo Mountains, Taos County 1n north-central New Mexico (Figure 1). The
Mire Area lies north of the Red River and State Highway 38 which connects the mine area
with the Town of Red River (6 miles to the east) and the Town of Questa (6 miles to the west).
For the purposes of this report. the study area has been defined as the Mine Area, which
consists of extraction. processing. and rock-waste deposition activities. The significant
features associated with the Mine Area are shown on Figure 2.

Mining for molybdenum began in the Questa area between 1916 to 1920. The namure
of mining activities progressed form the original underground workings to open-pit operations
ibeginning in 1964-63). and back to the more recent underground mining (beginning in 1979-
19831, Mine waste-rock dumps were emplaced during the 1970s and 1980s when the open pit
was excavated. The mine went on temporary standby status in 1986 until economic conditions
improve for the molvbdenum market. Mine dewatering resumed in July 1994 in anticipation
of perential reactivation of mining activities.

The Molycorp mining operations have been both extractive in nature (the Mine Area)
and s:multaneously depositional ithe Mine Area waste-rock dumps and the Tailings Area).
Largez-:cale extractive or depositional activities normally will have an impact on a natural
envirenment. Molycorp has been both proactive and responsive to examination of the
snvircnmental impacts resuliing from their activities. [n the Mine Area. any adverse water-
quality impacts are exacerbated. it not exceeded. by natural impacts (e.g.-acid runoff from
hvdrothermal scars). Water-quality data from several sources, including the Red River sewage
treatment plant well. Hanson Creek. and Hot-N-Tot Creek indicate significant natural
contributions to surface-water and ground-water quality degradation.

In 1989, Molvcorp retained the services of South Pass Resources, Inc. (SPRI) to
evaluate impacts of past and present Molycorp operations on ground-water and surface-water
quality. The dominant environmental concerns are two-fold:

. What impacts. if any, have mining operations had on surface-water (Red River)
or ground-water quality?

. Whart percentage of any surface-water or ground-water quality degradation is
from naturai (versus mining-related) sources?

OUL-0U6M.RPT
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These issues are under study by consultants currently retained by Molycorp (including
SPRI, Vail Engineering, and Steffen Robertson & Kirsten). Previous studies by SPRI. Dames
and Moore, Harding-Lawson, Water Resource Associates, Geocon, Vail and Associates,
ENSR. and others have focused cn definition of the geologic. hvdrogeologic, water quality,
and hvdrologic characteristics in and about the Molveorp facilities. Of particular emphasis has
peen definition of those naturallv-occurring physicai and chemical parameters that control real
or porential contaminant migration pathwavs and concentrations.

SPRI's most recent (Summer and Fail 1554) activities have involved the design,
installation, and testing of 12 new monitor wells in the Mine Area. This report presents a
detailed discussion of the results of the 1994 investigauon, and of previous investigations, and
an evaluation of recent geologic. hvdrogeologic. and water-quality data.

1.2 SUMMARY OF FALL 1994 AND PREVIOUS INVESTIGATIONS

X Beginning on July 11, 1994, SPRI overviewed the design, instailation, and testing of
12 new menitor extraction wells in the Mine Area. The purpose of this investigation was to:

characterize the water quality of narurally occurring ground water and seeps and
campare these data 10 segpace? from mining 2ctivities; and

LAY

r
S

= " characterize the geologic controls on tluid movement.

[n addition. the drawdown associated with the cone of depression from dewatering of
the mine is being monitored within the newly-installed weils. It will take a vear or more of

monitoring before drawdown rates can be guantified: some additional monitor wetls may be
required.

The wells that were installed during the 1994 investigation, and the details of their
installation and testing, are summarized below. The locations of these wells and other weils
installed in the Mine Area are shown on Figure 2.

[
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Monitor/Extraction Wells Installed in Mine Area
July/August 1994
Total Depth | Screened Interval
Well No. {feet) (feet) Well Completed In
MMW-2 68 38 -38 | mudflow
MAMWS3 i 145 63 - 113 i andesite bedrock
MAWT i 161 36 - 161 1 andesite bedrock
MAOW-3A 161 125 - 161 andesite bedrock
MAMW-BB | 129 67 - 117 mudflow
5 alluvial gravel/
MMW-10A 14 ; 79 - 150 sand overlying quartz
| ! monzonite bedrock
MMW-10B ! 189 ; 133 - 189 | quartz monzonite bedrock
MAMW-10C | 30 | 31.5-30 | mudtlow
MMW-IL 185 145 - 185 | quartz monzonite bedrock
| sandy gravel. gravelly sand
MMW-13 143 105 - 148 overlving quartz monzonite
MMWog 73 1873 sandy gravel
‘ gravelly sand
; sandy gravel
MMW.16 98 45 - 98

gravelly sand
overlving light grev granite

A partial listing of the cther monjtor and extraction wells in the Mine Area that pre-
date SPRI field activities are summarized below. (Note: a complete list of all wells located in

the study area is unknown at this time

-

(Partial Listing)

Other Wells Locaied in the Mine Area

QL-06M.RPT

oo Well Now 50 - Totat Depﬂ; (feet)-"i::-:;
Mill Well 1A-1 176
Mill Well No. 1 150
Columbine No. | 39
Columbine No. 2 140
Columbine No. 1 redrill | 153
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2.0 ¢EOLOGY AND HYDROGEOLOGY

2.1 GENERAL GEOLOGIC SETTING

The major sources of geologic data for the Questa Mine area are Schilling (1956),
Renrig (1969), Lipman ¢ 1981), Bookstrom (1981). and numerous unpublished maps, cross-
sections, and reports by Mbolyveorp geologists. -\ common thread to all of these geelogic
studies is that the mineralization at Questa was related to Tertiary magnetism and
hvdrothermal solutions focused aleng an east- to northeast-trending structural zone. This
structural zone is variouslv interpreted as part of a graben (Schilling, {956): as a zone of
intense faulting (called the Red River Structural Zone by Rehrig, 1969). and the southemn part
of the outer ring fracture zone that formed the outer wall of the Questa caldera (Lipmann,
1981: Bookstrom, 1981).

The development of the caldera and the associated volcanic and intrusive rocks was a
late Oligocene to Middle Miocene event (27.2 to 22 miilion vears before present) that was
concurrent to and overlapped the regtonal rifting associated with the Rio Grande Rift System.
The range-bounding high-angle tauit along the west side of the Sangre de Cristo Mountains
iapout 3 miles west of the mine) is related to regional extension across the Rio Grande Rift and
the upiiff of the range in Mid-Tertiary time. AU least the later movements aiong this range-
‘rant fault are vounger than the caldera siructure because the outer ring fracrure Zone 1s
iruncated by the range-front fault.

2.2 MINE AREA GEOLOGY AND HYDROGEOLOGY
Geology

The Mine A{ea 15 composed of Pre-Cambrian igneous. metasedimentary, metavolcanic,
and cother metamorphic rocks, overiain by a thick sequence of Tertiary ashflow wffs and
andesitic lava flows.| These rock types have been intruded by granitic rocks, forming dikes,
and elongated intrusions. Mineralized quartz veins in the Mine Aplite (i.e.. finely crystalline
granite} and in the aﬁjacent intruded volcanics were formed during a late magmatic, post-
caldera hydmtherm#l stage. The Mine Area is within a northeast- to east-trending structural
rift zone that forms the south side of the Questa caldera. This structural rift zone contains
numerous dikes and mineral veins. Fractures and fault discontinuities are widely varied. as
illustrated on a geologic cross-section (Figure 3). and include:

® high-angie faults and joints:
e low-angle faults; and
K}
01-06M.RPT
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. contact-zone fractures between different rock umnits.
The mined ore deposiis consist of molvbdenite-bearing quanz veins.

Hydrogeology

[n the Mine Area. the most signiticant controls to tluid movement appear to be
preterred channels within mud flows, location and degree of geologic discontinuities (faults,
joints. fractures), man-made tluctuations of the water table north of the Red River. and
hvdraulic conductivity differences between mine waste-rock. bedrock. and valley-fill (mudflow
or alluvium). Water-quality degradation of the Red River in the Mine Area has been found to

be heavily controlled by natural processes and is influenced lecally from byproducts of
mining.

Hvdrogeologic units include a basement (Pre-Cambrian) aquitard. overlain by volcanics

‘\\

_and sedimeniary rock aguifersl and/or Eaﬁllev-ﬁll mudflow and alluvial valley-fill aquifers. |

Hydrothermal scar matenals of low hydrauiic conductivity are scattered over the area. Mine
waste dumps contain perched aquifers.

The narural ground-water gradients are toward the Red River. Mine dewatering
orerations have created a cone of depression around the undereround mine workings. The
primary hvdrologic linkage between up-gradient sources and the river is the fan delta deposits
at the mouths-of tributary canyons at Capulin Canyon and Sugar Shack South. The 12
monitorextraction wells installed by SPRI in Fall 1994 were screened in tan delta and bedrock
aquirers. and were constructed at sites near the mouths of Uibutary canvons to evaluate these
linkages. Water-quality sampling and water-level measurements were made in cooperation
with the New Mexico Environmental improvement Department (EID) in November 1994.

In the Mine Area. low pH. high teial dissolved solids (TDS). and high suifate
characterize the narural springs and seeps as well as surface water in drainages crossing
hydrothermal scar areas. Analytical results of water quality sampling along and adjacent to the
Red River indicates both natural and mine-related seepage affect the water quality of the Red

River. Deep underground mine water has a slightly alkaline pH plus stightly elevated levels of
TDS and sulfate.

Water in the unsaturated zone, water in the perched-water zones. and ground water
move from sources to discharge points. Sources of this water are both nawral and mine-
related: infiltration. surface run-off. and seepage from natural springs and mine-constructed
waste-rock piles. The discharge points consist of the deep underground mine, the Red River,
and (via slurry line) the Tailings Area ponds. Water that arrives at the discharge points

wh
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consists of natural acidic drainage mixed with varying amounts of waste-rock dump-related
water.

Nawratly acidic waters have been in transit through the same system. excluding

seepage barriers. for thousands of vears as is evident from limonite-cemented alluvial and
mudflow deposits. :

P=rched water can form near the hase of the waste-rack dumps. Perched water can
also form in zones of fracured bedreck above the main water table and above clay intervals in

the vallev-fill. Bedrock seeps. such as the seeps at Cabin Springs near the river, may be from
a perched bedrock zone.

Dewatering of the new underground mine (1979 to 1992 and resumed in July 1994) hash
created a corie of depression that appears to extend in some places to the Red River. The

original cone of depression may have captured much of the natural and mine-related discharge.
However. Capulin Canyon appears to {ie outside the zone of influence of dewatering. Also,

the Cabin Spring seepage (which may be perched) may not be impacted by the dewatering
cone of depression.

The impact of the current mine dewatering on recharge ot mine-related seepage to the
Red River cannot be properly evaluated =ruil arfer at least ore vear of data collection including
monthly water-level measurements and guarterly water-quality analysis (similar to data
collection of November 1994). Bladder pumps were used to collect water-quality samples at
all of the mine monitor/extraction wells tecause (with some exception) the wells appear to be
low vield tless than a few gallons per minute). The known exceptions are MMW-11 (bedrock
well in a fracture zone), which pumped a1 a rate of more than 60 gpm, and MMW-10A
(valley-riil well). which pumped at 140 2pm with 3 feet of drawdown. Because the existing

extraction wells in the Mine Area tend to be low-vield wells, their capacity to control seepage
by pumping is limited.

Appendices A and B contain more detailed discussions of the Mine Area geology and

hvdrogeology. Appendix C contains geclogic logs for weils emplaced during SPRI's 1994
investigation. Appendix D contains data and discussions on water quality.

001-06M.RPT



Rt

000516

SOUTH PASS RESOURCES. Inc.
- SPRI -

3.0 RESULTS AND DISCUSSION OF SPRI
SUMMER/FALL 1994 FIELD ACTIVITIES

3.1  WELL EMPLACEMENTS

To identify and evaluate the presence of potential hvdrogeologic connections between
the waste-rock dumps. down-gradient aquiters. and the Red River. aerial photographs were
used to locate the monitor/extraction weils as close as possible to the pre-1963 valley bottom.
(In 2 number of areas, waste-rock dumps and/or mine cut-and-fill operations have
subsequently covered these drainages. The ran delta deposits (alluvial sediments and mudfiow

depostts, collectively called the vallex-1ill aquifer) occur at the mouths of tributary valleys to -
the Red River (see Figure 4}.]

The equipment used to drill the monitor/extraction wells consisted of a casing drive
system using 8-inch and 12-inch inside diameter (ID) threaded drive casing. A casing drive
shoe was attached to the base of the casing driver and remained at the bottom of the cased hole
after hydraulic jacks extracted the drive casing. Well construction and placement of annular
materials were accomplished inside the drive casing. limitng the well casing to 8 inches or
less inside the 12-inch drive casing and 6 inches or less inside the 8-inch drive casing. A
downhole air hammer and hammer bit were used to drill through boulders and bedrock. The
drill equipment consisted of a 13W Gardrer Denver Tophead drive chain pulldown drill rig,

waler truck. pipe truck. air compressor truck (primary). tag-along air compressor (secondary).
and hvdraulic jacks’ truck.

All wells that had water in the borehole were developed by either pneumatic downhole
bladder pump. bailing, or electric submersible pump. Low-vield wells were pumped using the
pneumatic bladder pumps (for their design protections against pump burmup). The medium-
vield wells were pumped bv continuous bailing with an 18-gallon bailer. The bailing
operation used a hydraulic powered 5T Smeal pump truck to raise and lower the bailer.
Bailing rates were adjusted to tit each well’s vield so as to allow for baildown without undue
interruption of the extraction rate. High-vield weils were pumped with either one horsepower
(hp) or 5 hp electric submersibie well pumps. The actual high-end pumping rate varied with
head considerations, but the 3 hp pump would usuaily pump up to 50 gallons per minute.

When the locations of the monitor wells were established and surveyed for elevation by
Molycorp staff, eievations for wells with protruding casing vaults were taken at the top of the
casing and elevations for wells with flush-mounted vaults were taken at the top of the cement

pad. All measuring point elevations have been corrected to read from the top of the cement
pad.

OCL-O6M.RPT
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3.2 WATER LEVELS AND HYDRAULIC CONNECTIONS

SPRI overviewed the installation of 12 new monitor wells during the 1994 investigation

trefer 1o Figures 2 and 10 tor locationsy. These wells and their hvdrologic characteristics are
described below.

Wells VIMW-14 MM

These wells, which are located in the fan dela or vallev-fill deposits and the
immediately underiying bedrock opposite the Sulphur Guich and Spring Gulch area, are
dry. The open pit (Sulphur Gulchi and the decline that passes under lower Sulphur
Guich may caprure most of the discharge from the drainage basin, (These wells are not
deep enough 10 intersect the cone of depression if it extends into this area.)

Well MDW-.13

This well was drilled opposite the Middle Dump and extended initially into
bedrock (25 feet): it was compieted as a vaflev-ill well since the bedrock was dry. It
is difficult to distinguish reworked vallev-fill from in-situ valley-fill by drill cuttings
alone. Berms were constructed across the lower parts of some tributary valleys prior
to dump construction. Using eievations for the pre-berm surface from the 1963 USGS
topographic map (Questa. NM 7.5 Minute Quadrangle Map) and more recent mine
topographic maps. the upper 30 o 70 teet of sandy gravel at MMW-13 appear 0 be
berm material. The lower 13 feer of the vallev-fill was sarurated. The water-level
elevation at this well is low 17.963 feet) when compared 1o the stream bed elevation
opposite the well (7.990 to 8.000 feety. This water-level elevation has changed less
than 1.0 foor over the five-month period since construction. The water level will

continue o be monitored for evidence of additional drawdown related to the mine cone
of depression,

Wells M /-

These wells are located beiow the toe of Sugar Shack South Dump. The
elevation of the Red River opposite these wells is berween 7.910 and 7,920 feet. The
water quality of Poral Springs {(a series of river bank seeps along the north side of the
river) is commensurate with natural acidic sources and/or waste-rock dumps. The
eastern most seep (lecated just west of the MMW-10 wells}) has an estimated elevation
of 7,913 feet. As discussed later in this section, these seeps :- - believed to represent

the top of the potentiometric surtace at the river. Water-level eievations at the three
MMW-10 wells are slightly above 7,917 feet,

001-06M.RPT
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Monitor well MMW-E0A is screened in the lower part of the valley-fill,
immediatety above bedrock. The borehole log wndicates that the fill here is a mixture
of fluvial sands and gravel and mudtlow deposits. Clay beds interbedded in the valley-
i1l probably resulted from deposition in lakes formed behind contemporaneous
mudtiows that blocked the Red River Vallev. The aquifer test results discussed in
Section 3.3 indicate that this well, it fully stressed, may produce several hundred
zallens per minute from the saturated sands and gravels.

MMW-10B is screened in bedrock just below the valley-fill, but the water-level
efevation (7.917 feety is 112 feet above the contact, indicative of a strong upward
zradient. This water-level elevation is close 1o that of the two valley-fill wells which,
since the bedrock is highly fractured below the fill. could also be interpreted to mean
that the il and the shallow bedrock are in hydraulic continuity. As discussed in
Section 3.3, the aquifer test at MMW-10A established some hydraulic connection
between the vallev-fiil aquifer and the underlying bedrock aquifer (MMW-10B) because
both wells gave drawdown effects during the test. The head relationship between the

valley-fill and the bedrock aguirers may have a seasonal component with higher heads
in the bedrock during spring racharge.

MMW-10C is screened in the upper part of the valley-fill. just above a thick
cay bed. It is conceivable that MAMW-10C intercepts a perched zone, and the
conriguration of the perched water table is not dependent on the main water table. A
more likely explanation is that the ciay beds (just below the total depth for MMW-10C)
retarded vertical ilow and. because of the short duration of the aquifer test (100
alinutes). there was very little drawdown at MMW-10C.  An interpretation 1s that
MMW-1CC and MMW-10A are part of a continuous zone of saturation and that the
clav bed is the cause of the lack of response during the agquifer test.

Well MOVW.-

MMW-11 was completed in the upper part of the bedrock aquifer, just south of
the tce of Sugar Shack South Dump. During the drilling of this well, the lower part of
the dump material was described as moist, but free water (described as dark turbid
water) did not appear until 93 feet. This description corresponds with the base of the
dump material. Immediately underlving the dump material is a thin sandy gravel
followed by 10 feet of gravelly clav. Small amounts of water [a few galions per minute
{gpm)] were reportedly produced throughout the valley-fill. but because a mixwre of
foam and water was being injected during drilling, the extent of satration in the
vallev-fill is unknown. It is possible that the water at 93 feet infiltrated from the
. overlving dump material and represents a thin perched zone. The water-level elevation
‘g' for the bedrock aquifer at MMW-11 15 7,915 feet. or 38 feet above the valley-fill and

O0L-06M.RPT
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redrock contact. This indicates a strong upward gradient which would be expected
rear the zone of discharge in the Red River valley. The water-tevel elevation for the
vallev-1ill aquifer at MMW-11 is not known.

During the deveiopment (using air {ift) of MMW-11, the bedrock aquifer had a
pumping rate (Q) of 60 gpm with less than one (1) foot of drawdown {s). According to
Huntley et al. (1992). the use of speciric capacity formulas based on alluvial aquifer
studies can be used to estimate transmussivity (T3 tor fractured rock. Using the
gquation;

o

oy HLE
7=k }

§

where Q = 60 gpm
s = 1 foot, and
K = 38.9 (a conversion factor from Table {
(Huntley et al., 1992); NOTE: This
K is not equal to permeability]

i

z\

a ransmissivity (T) of 4.377 r't:.’daj.' 36,479 gpd/fv) was calculated. (NOTE: The
{actor 1o convert from 117 dav 10 gpd. it is 748 gallons/foor.) This value contrasts with
90,000 grd/ft based on the standard alluvial equation estimate:

T:{Q-)ISOO
5

It 1s difficult 1o estimate hvdraulic conductivity since the actual thickness of the
aquifer is not known, If the thickness of bedrock aquifer open to the screen (40 feet) is
used. a maximum value for K would be 912 gpd/fi°. This value is close to the upper
limit for fracrured igneous rock (Freeze and Cherry, 1979) and could be a significant
overestimation.

MMW.-11 may be located near the outer edge of the cone of depression. Over
the last five months, corresponding with dewatering of the underground mine, the
water level at this well has shown rlucruations of less than 0.5 foot.

Figure 5 is a cross-section illustrating hydrogeologic relationships in the area of
Sugar Shack South.

10
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Monitor well MMW-8A tscreened in bedrock) and MMW-8B (screened in
vailey-{iil) are located on a fan delta deposit that filled an unnamed tributary valley in
the area of Shatt No. 1. These welis are close to the river {within 250 feet). Water-
level elevations for both wells are within the contour interval (10 feet) along the Red
River opposite the well. [t is not clear that the MMW-8 wells are within the cone of
Jepression. Recharge from ground water beneath the river may balance discharge to
the dewatering center. keeping water levels at about the same elevation. Additional
monthly water-level measurements mav heip resolve the issue. The bedrock well
iMMW-8A) has a shightly higher water level than the valley-fill well (MMW.88),
indicating a weak upward gradient.

Well MMW-7

This well {north of Shatt No. 1} was drilled to a depth of 161 feet and screened
in bedrock. The water level here 1s 8,029 tfeet. which is approximately 550 feet or
more above the current cone of depression. This well is screened in andesitic flow
rock characterized by a series of low-angle north-dipping faults (Figure 3}, Drill
cuttings and drilling conditions indicated that the andesite is highly fractured. The
sorenuemetric water level here 15 atove the vallev-fill'bedrock contacts. Valley-fill
appeared 10 be unsamurated at MMW-7, and no perched zone within the fill was noted.
MMW:7 appeared to have intercepted a perched zone within bedrock. This perched
zone is cenfined to an interval of fractured rocks apparently associated with a series of
jow-angle strucrures. Figure 6 is a cross-section illustrating hydrogeological
r2ladonships at the MMW-7 and MMW-§ wells.

Upper Goathill Guich drainage flows ino the caved area. With the level of
dewatering maintained below the elevation of the Red River, no monitor wells were
constructed in the lower part of Goathill Gulch.

Wells 3 - S .

Well MMW-2 (in vallev-fill) and MMW-3 (in bedrock) were driiled in the fan
delra area in lower Capulin Canyon. Figure 7 is a cross-section illustrating the
hydrogeologic relationships at MMW-2 and -3. Water-level elevations of these two
wells are 90 to 100 feet above the level of the Red River at the mouth of the canyon.
These elevations. if connected to a stream bed elevation farther upstream, are indicative
of gaining conditions along the Red River. Based on the number of springs and seeps
issuing from cutbanks along the river, the water table is likely to be at the stream bed.
There is a weak upward gradient from the bedrock to the valley-fill; however, the 1

; 11
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water quality of the vaiiey-till ground water at MMW-2 is much closer to that of the
surface 10w in lower Capulin Canvon than to the water quality of the bedrock ground
water. Ii also appears that the seeps near the conrluence of Capulin with the Red River
contain waler that is chemically more similar to the vallev-fill than the bedrock. Lower
Capulin Canyon may te outside the infiuence of the dewatering at the mine.

W vels ; iv

A number of the monitor wells show water-level elevations at or stightly below the
elevation of the river opposite the well. Construction of a water-level contour map using data
collected in November 1994 from both the valley-fill and bedrock wells (head elevations are
verv close for paired bedrock and valley-fill wells) revealed a cone of depression configuration
that included MMW-8A and -3B. MMW-11, and MMW-13. Monitor wells MMW-10A,
-10B. and -10C were considered to be outside the cone and related to a water table at or very
close to the elevation of the stream bed.

A pretiminary potentiometric water-jevel map {Figure 8} shows a cone of depression
centered above the underground mine. {The southern edge of this cone is being monitored by
o the newly constructed wells.) A schematic of water-ievel changes in the area of the
) urderground mine is shown on Figure 9.

3.3  AQUIFER TESTING

An aqufer test was conducted at MMW-10A at a pumping rate of 140 gpm (the pump
was not capable of a higher rater. Although drawdown and recovery tests were completed at
this rate. the valley-fill aquifer was not stressed. The drawdown leveled out after 10 minutes
of pumping at 10.5 feet. indicating recharge balanced discharge. Transmissivity calculated
from the aquifer test was considerably higher (123,200 callons per day per foot - gpd/ft) than
that calculated {rom the recovery test (32.139.1 gpd/ft). Recharge during the aquifer test
strongly reduced the drawdown, The hvdraulic conductivity from the recovery results is about
100 galions per day per square toot (gpdr’ft:}. which is in the range of values reported for
sandy gravel. During the aquiler tests, water levels were monitored at MMW-10B and
MMW-10C. Water level declined 6.0 feet in the bedrock well (MMW-10B), which suggests
that the fractured bedrock below the vallev-fill is in hydraulic continuity with the fill _
accoumting for a commen water level. The continuity between the water-level at MMW-1QC
and the other wells was thought to indicate continuous saturation from MMW-10C (total depth
38 feet) and the deeper wells. MMW-10C did appear o experience some drawdown (less than
1 foot), and it is possible that the change in depth-to-water at MMW-10C was a function of
changes in barometric pressure. A perched zone above a clay unit may underlie MMW-10C
(with a water table independent of the deeper saturated zone). However, the ciay may have
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carry some disseminated pyrite. Most of the ore mineralization was in the aplite and

the andesue. Mine waste-rock ranges trom fresh. weakly altered rock to rock consisting
largety of quartz. clay, and pvrite (or us oxidized equivalent). Occasionally, rock fragments at
the toe of the dump will disintegrate very easilv because of the growth of intergranular gypsum
precipitated from dump waters. Qualitative observation of waste-rock piles indicates that »
dump material ranges from clay to boulder sizes. The dump material shows “angle of repose”
layering resulting from variations in time of the size fragments excavated. Downward flow of
water in this unsaturated environment sheuid be ennanced by the angle of repose layering.

B.2

GROUND-WATER RECHARGE

Factors to be evaluated in preparing estimates of ground-water recharge include:
topography (elevation, degree of slope): surtace material {outcrop, soil sediment); permeability
and run-off characteristics of surface material: bedrock conditions in terms of infiltration
characteristics, porosity, and hydraulic conductivity: and climate (temperarure, precipitation,
evaporation}. Many of these parameters are not well defined in the Red River drainage area,
but there are sutficient data to make some esumates of a hydraulic connection between ground

- water and the Red River.

The mine operations are located nomih of the Red River Valley where elevations range

from 7.331 feet on the Red River opposite Capulin Canyon to 10,812 feet at the ridge north of
the open pit. resulting in a reliet of 3,221 reet. Exciuding the relatively narrow flat to gently
rolling valley floor, most of the topograpny is composed of steep to very steep slopes that are
conducive to high rates of runetf. Major tributary canyons in the Mine Area have gradients

P P

on the order of 600 1o 300 fest per mile. :

The U.S. Soil Conservanon Servics {1982) defined four soll map units (as part of their
soil survey of Taos County) in the Mine Area north of the Red River:

001-06M.B

000526

Two of the soil units (Rock Ourcrop/Ustorthentis Complex and Marosa Soil/Rock
Outcrop Complex) are described as gravelly and/or sandy loams. These soils are
characterized by rapid to moderate run-off with high erosion potential. Infiltration
{number of inches per hour that water percolates downward in the soil) ranges from
0.6 1o 6 inches. The soil units are described as complex because a significant
percentage of the map area consists of outcrops of igneous and metamorphic rocks.
Vegetative cover consists of Douglas fir, Engelmann spruce, and Ponderosa pine
with an understory of Gambel oak, mountain brome, kinnikinnick, Kentucky
bluegrass. Arizona fescue. and whortleberry.

The third soil unit (Rock Outcrop/Badland Type) is associated with the
hydrothermal scars and underlies much of the area north of the Red River

B4
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(Appendix A). This soil 15 described as extremely acidic (pH < 4.3} [t occurs
along portions of all of the major drainages tCapuiin, Goathill, Spring & Sulphur
Gulchy. Typically. slopes are steep and are nearly barren of vegetation. The Sail
Conservation Service characterizes this unit as a soil that generates increasing
sediment loads to tributary drainage as precipiation increases (very high run-off
and erosion potential). Drainages that intersect the hydrothermal scar areas
typically have mudflow deposits near their contluence with the Red River.

» The fourth soil unu {Cumulii Hoplobenolls) covers parts of the main valley floor.
It generaily consists of stratitied gravelly sandy joams and gravelly clays.
Infiltration of the soil is siow to moderate 10.2 to 2 inches per hour). Periodic
flooding is the chief hazard here.

Rainfall estimates related to elevation and soil units in the Mine Area were prepared by
the U.S. Soil Conservation Service (1982). For the lower clevation, below 9,000 feet, the
annual precipitation is 18 inches: between 9,000 to 11.000 feet, annual precipitation is 35
inches. In its report. the U.S. Soil Conservation Service indicates that annual snowfall can
exceed 100 inches in the mountains. Schilling (1956) had estimated 21 inches of annual
precipitation for the same area. The bulk of the precipitation is winter snowfall with some
thunderstorm ceniriputivn Juring (e sumuner months. The average annual temperature is 40°
to 42° Fahrenheit.

Several authors have attemptad to estimate the distribution of precipitation among run-
off. evapotranspiration. and ground-water recharge. Wilson and Associates (1978) estimated
that in the mountainous areas of northern New Mexico. 5 to 10 inches of the precipitation
contributed to run-off and the balance was distributed between evapotranspiration and techarge
to ground water. Vail Engineering (1939) measured the areas of drainage basins for the major
tributary to the Rio Grande. including the Red River. and calculated basin discharges from an
equation based on drainage basin area and average annual winter precipitation. For the lower
Red River basin (Zwergle Dam east of the Town of Red River to the Questa Ranger Station
stream gauge), Vail calculated a discharge of 38.2 cubic feet per second (cfs). A review of
flow discharges measured over a 12-vear period [U.S. Geological Survey (USGS) data in
Molycorp files for 1943 to 1933] shows that discharge ranges from 7.74 cfs to 262.5 cfs. In
general, the higher flow rates occur in the April through July period and the lower rates over
the balance of the year. Overall. this section of the Red River between the dam and the

Ranger Station appears (o be a gaining stream with substantially higher flow discharge at the
downstream station. '

River accretion studies by the USGS (in October 1965 and in 1988) were referenced by
Smoika and Tague (1988) in their water quality survey of the Red River between Zwergle
Dam and the Fish Hatchery. After correcting for tributary and diversion flows. they estimate
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that the net gains trom ground water were 9 0 cts (1963) and 9.1 cfs (1988) between Zwergle
Dam and the Ranger Station gauge east of Questa. The Molvcorp mill was not in operation in
1963 or 1988 and was not a [actor in the diversion calculations. A review of the 1943-1955
flow data (Molveorp tiles) for these twao 2auges indicate that base flow (ground-water
recharge) conditions ranged from 7.74 ¢is o 13.9 cfs «an average of 11.04 cfs). This data set
also shows that base riow conditions are typically in December and January. and Smolka and
Tague's estimate tor net 2ain to ground water may be oo high. Vail (1989) used USGS
stream tlow data o estimate accretion tw the Red River ar nine locations from the Zwergle
Dam site to the Bear Canyon area (near the Questa Ranger Station gauge). The segment from
the Molvcorp mill downstream to Bear Canyon is estimated to have an accretion of 6.6 cfs.
Of this, 5.0 cts comes trom Cofumbine Creek. which leaves 1.6 cfs related to recharge from
intermittent tributary drainages. seeps. and springs along both sides of the rivers.

Ancther approach to estimating drainage basin recharge to ground water utilizes the
Maxey and Eakien (1946} approach. Their method estimates that 25 percent of the annual
precipitation over the Mine Area drainage basin could contribute 10 recharge. Vail
Engineering (1989) calculated areas for the Red River drainage basin and for the lower Red
River basin (from Zwergle Dam to the Ranger Stations. Using an area of 83.24 square miles
at 23 percent of 21 inches annual precicitation (Schilling, 1936), the entire basin would -
contribute 32.23 ¢fs to ground water. That part of the entire drainage basin in the Mine Area
represents abour 6 percent of the total drainage basin. On the assumption of a uniform
distribution of ground-water recharge «as an approximauon). 1.94 cfs would be recharged to
the ground water. Using Vail's (1989) estumate of the square miles for discrete elevation
zones and 23 percent of the annual precipitation for each zone as recharge results in a higher
estimate of 2,36 cfs ground-wat2r recharze ror the Mine Area drainage basin. SPRI (1993b).
using a similar approach for the Mine Area drainage basin {Capulin Canyon te Spring &
Sulphur Gulch). calculated a ground-water recharge of 1.45 cfs. If a water balance is
assumed, this recharge equals accretion 1o the Red River.

A final approach to estimating recharge from ground water is (o use the average of the
baseflow from the 1943 to 1955 flow data (11.04 cfs) as an estimate of the total ground-water
recharge for the basin. Again, with the assumption of an uniform distribution of recharge
throughout the basin. the Mine Area portion of the drainage basin (6 percent of total area)
would have contributed 0.66 cfs. This value is considerably lower than the precipitation-based
estimates. The lower recharge values will be used here because there may be less error for a
recharge estimate based on actual tlow data than for estimates based on a precipitation
approximation.

Vail Engineering’s (1989) accretion study resuls in an estimate of 1.6 cfs of ground-
water recharge in the river from both sides of the segment opposite the mine. This would
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result in about 0.8 ¢fs from the north (mine side} of the river. which is in fairly good
agreement with the base tlow estimate.

Molycorp records indicate when the deep underground mine was being developed. '
dewatering required between 230 and 500 gpm (0.57 to 1.14 ¢fs). The Smolka and Tague
(1988) accrerion study. during the ume of mine development. shows a net accretion to the
river from ground water of 9.0 cfs, similar to the pre-mine accretion of 9. 1 ¢fs in 1965,

Taken at face value, this suggests that the mine was dewatered from the deeper part of the
ground-water flow system and did not appreciably. if at all. reduce accretion 10 the river from
ground water. The explanation for this is that most of the ground-water recharge to the river
may have come from the upper part of the ground-water system. [n other words, the deep
mine was not directly in the recharge zone. Schilling (1956), in his description of fracturing
in the Sulphur Gulch area, indicated that many of the fractures (particularly sheeting type of
fracturing related to contacts) tend to die out with depth. More water was probably in storage
in the shallow. more open, and better interconnected fracture system close to the water table,
and mineralization combined with lithostatic pressure effectively sealed much of the deeper
level fracrures. With lower hydraulic conductivity conditions at depth. a cone of depression
(probably steep-sided) would develop over the deep mine. SPRI (1993b. 1994) conciuded that
the cone probably did not extend to the river.

The stability of the water levels in the monitor wells over the tast five months. despite
continuous dewatering of the underground mine fseveral hundred feet decline over the same
period), supports the interpretation that a steep cone ot depression occurs over the mine, and
that the edge of the cone s north of the river. The wells close 1o the river could possibly be
recharged at a rate which balances any loss (discharge) due to dewatering. Water-qualiry data
from 1994 sampiing of the river and of the monitor wells, in terms of dilution atfect, is
inconclusive because there is no historical water-quatity data. Concentrations of sulfate in well
water ranges from 700 to 1.300 mg/L while river water 1s typically less than 20 mg/L. As
water-quality samples are taken over the next vear. it may be possibie to evaluate dilution
affects, if any.

B.3 PRE-MINE WATER-TABLE CONFIGURATION

Based on Molycotp data (obtained in 1993), dewatering inflow for the older
underground workings and for the open pit ranged from 15 to 30 gpm, which are very low
flow rates. However. anecdotal evidence from mine workers active at the open pit indicate
that an extensive water control program was in operation during the development of the pit and
that these rates may be low. If these areas were below the water tabie, such rates could oniy
be explained by very tight rock conditions in which virmally all the fractures were sealed.

B-7
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Schitling s 11936) and Rehrig’s (1969} descriptions of the fracwre svstems and fietd
examination of rock exposures in the same area indicate that open rractures exist (some
fracturing can be related to mine activities). [t is alse likely that these low flow rates can be
-attributed o perched fracture water above a regional water table. The deeper underground
workings dewatered at 230 to 500 gpm. [For comparison, Newmont's Gold Quarry Mine in
Nevada is in fractured sedimentary rock and dewaters at 30.000 gpm (Carrillo. 1993).]
However, if the fracrures in a mineralized zone were parnly seaied by mineralization/clay
gouge and. or poorly interconnected. then 500 gpm. even below the water tabie. would not be
unreasonable. It is possible that the open pit and most of the older underground workings near
Sulphur Gulch (down to 7,800 to 7.900 feet) were above the regional water table and that the
inflows were trom perched water. Currentiy, this inflow from the open pit and the older
underground mine drains though a borehole into the deeper mine workings.

[f the gaining stream mode! is used with the equipotential lines (contours of equal
watar-fevel elevarion) neariy normai to the rlow direction of the river, such a contour surface
.- would ailow for most of the old workings and the pit to be refatively dry and above the
...~ regional water table. The Moly Tunnel (7.960 adit) would be at the water table at an elevation -
1 of 8.000 fzet. Construction of the 7.960 adit did not produce much water and, therefore, the
8.000-foor water-level contour might have curved more 10 the north. This water-table surface
would have a southwesterly gradient of 0.036 foot/toot in this very simplified configuration.
if the equipotential lines were parallel to the river. most of the old workings and part of the
open pit would have been below the pre-mine water table.

A simpiified water-table surface with the equipotential lines at a right angle to the river
can be used to estimate the glevation of the water table in various areas of the underground
workings. For example, the water level would continue to rise in the caved area above the
underground workings in the Goathill Guich area to an elevation of approximately 7,840 feet.
At Shaft No. 1, the elevation would be about 7,820 feet and at Shaft No. 2, it would be closer
to 7,850 feet. With respect to the old Moly Tunnel (7.960 adit), a conservative position would
place it just below the water table at about §.000 feet.

i
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Another element in the water-table surface configuration is the additional recharge from
seepage barriers to the mine through the caved area. This recharge currently amounts to about
70 gpm caprured by the seepage barriers constructed on Capulin and Goathil! Gulches. An
additional 30 gpm drains from the open pit through a borehole in the old underground mine to
the deeper workings. This amount of seepage water is occasionally strongly augmented by
surface water related to storm discharge and snow melt such that recharge to the caved area
can exceed several hundred gpm. How much of this water actuaily reaches the caved area is
unknown since it is a surface discharge and a certain amount must be lost to evaporation or
infiltration to the vadose zone. (In the vadose zone. the water would be bound by surface
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tension in intergranular voids or micro-fractures.) [t is possible that the additional recharge
might cause some mounding of the water table surface. particuiarly in the caved area, and
locally a slightly steeper gradient. A concern here 1s that water-level mound in the caved area

might extend to the valley-fill in Goathill Gulch from which it could more easily reach the
river.

R £ Rise for the W Tabl

On May 19. 1994, the water level in the mine workings was at 7.600 feet. According
to Molvcorp records. the caved area began to fill by October 20, 1992. Using the elevation of
the bottom of the caved area (7.226 feet) and the time since filling began (549 days), the rate
of rewatering is 0.68 foot/day. The actual daily rate values range from less than 0.68 1o as
much as 2.0 feet/day, depending on seasonal recharge conditions. However, if the 0.68
toot/day is used as the rate, it would take 147 days (from May 1994) for the water levei to rise
to the down-gradient elevation (7,700 feet) of the Red River. (This assumes a southwestern
gradient based on the normal contour configuration in the caved area at Goathill Gulch). In
other words. after 147 days (0.4 vear) from May 1994, there would be a slight gradient from
the cave area toward the river. Using the same rate of 0.68 foot/day, it would take 0.97 year
to reach the postulated water-table elevation of 7.840 feet in the caved area. However, as
noted in the previous paragraph. localized high recharge rates in the caved area could cause
mounding and water would be higher and at an earlier date than the 0.68 foot/day rate
predicts. [n the case of the Molv wunrel (7.560 feet), 1t would require 1.61 vears for the water
level 10 reach 8,000 feet and begin to flow down to the adit.

Monitor wells constructed in 1994 were designed to capture tributary discharges to the
vallev-1ill and bedrock aguifers. Not encugh wells were sited in a single aquifer to evaluate
flow dirzctions or hydraulic gradients.

B.4  AQUIFER TESTS

An aquifer test conducted in the valley-fill at MMW-10A resulted in a calculated
transmissivity of 123,200 gallons per day per foot (gpd/ft) and a hydraulic conductivity of
1,141 gpd/ft* (based on an aquifer thickness of 108 feet). These are reasonable values for the
coarse sand and gravel encountered in this well. However, the maximum pump yield was 140
gpm. and the aquiter was not stressed.

Almost all of the bedrock wells went dry during development (air-lift). Bladder pumps
were utilized in sampling these wells. and yields were typically a few gailons per minute or
less. The exception to the low vield during development was MMW-11, which yielded 60
gpm with less than one (1} foot of drawdown. The high yield probably resulted from this well
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heing located close 10 a north-south fracture zone. An estimate for transmissivity based on the
specific capacity:

and urilizing an equation developed by Huntiev et al. (1992} for fractured rock

I \HE

T=Kk

o

where K is a conversion factor from their Table 1
5/

resulted in a transmissivity of 4,877 ft’sd. or 36.481 gpd/ft. (Note: The factor to convert
from ft'd to gpd/ft is 7.48.)

The thickness of the bedrock aquiter is unkno
well (58 feet), an estimated hydraulic conductivity

to a maximum value (thickness is too small). but stN] lies within the upper range of K values
for fractured igneous rock iFreeze and Cherrv. 1979,

Another approach to estimating hvdraulic conductivity uses the decline in water level at
the underground mine during the current dewatering phase and dates of measurement on a

ume-drawdown plot. Data were plorted on semi-log pager and the Cooper-Jacobs equation
was used to calculate transmissivity.

264N
r=: 695
.As

This calculation/resulted in a transmissivity of 2.424 gpd/ft and a hvdraulic conductivity of
5.09 gpd/ fi” (fle latter is based on a thickness of 476 feet or the difference between the pre-
dewatering water-levei and the top of the Grizzlyv level ar the underground mine). The

er.}iCobs equation was developed for porous media. Its application to bedrock data
assumes that over a large enough volume of rock ("large enough™ is not specified), fractured
rock can be approximated by a porous media formula.

The two values for hydraulic conductivity reported here are at best rough estimates.
These results suggest that hydraulic conductivity ranges over two orders of magnitude from
fairly tight rock to permeable fracture zones. A compilation of flow velocity based on simple
analytical equations using single hydraulic conductivity values does not lead to reliable

— estimates for travel time. Even if the estimate was close to a true travel time, open fault zones
o af an angle 1o the regional gradient can move ground water more rapidly and in a different
B-10
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direction from the regional flow direction. Estimates of flow velocity and travel time, based
on water guality «from known sources) and isotopic data, may have more validity (when the
data from such studies become available) than hydrogeological approximations.

B.5 GROUND-WATER TRANSPORT

With the currently avatlable information. 1t is not possible to make meaningful
quamimivé estimates for the velocity of ground water througn the tractured bedrock. Tracer
tests in sets of nearby boreholes would probably allow for an estimate of ground-water
velocity through fracrures. For these tests, the distances between boreholes and their
relationship tc mapped fractured systems would have 10 be considered. However, as indicated
in previous sections, water chermistry combined with isotope data might lead to better estimates
for velocity.

Seepage velocity formulas are based on advection in granular material, not fracrured
rock. Moreover. conceptual models for fracture tflow include an equivalent porous media

o model that treats fractured rock as it it were a granular. porous medium. The rationale is that
if the fracture spacing is small (compared to the scale of the system being studied), the model

ieads to a reasonable estimate of regional flow. The mode! is not an accurate representation of
tocal conditions te.g.. an open fadlt that divents tlow at some angle to the regional system).

Using the caved area (located on Guathill Guleh) above the deep underground workings
as a source and published values for hvdraulic conductivity and porosity for fractured rock
iFreeze and Cherry. 1979), rough estimates of travel time tfrom the mine to the river can be
made. According to Freeze and Cherry (1979). the range of hvdraulic conductivity for
fractured igneous and metamorphic rocks is 10" to 10° gallons,'dayfft:'and for permeable
basalt 1 o 10° gallons/day/ft:. The porosiry range for fractured crystalline rock is ¢ to 10
percent. and for fractured basalt 5 to 50 percant.

The seepage velocity formula is:

K
7.48.’&

-

where: V = seepage velocity, in feet/day:

hydraulic conductivity, in gallons/day/square foot;
hvdraulic gradient. in feeu feet:

porosity, as a percent: and

7.48 = gallons per cubic foot.
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D4 Tritium Isotope Analyses

Tritium is the heavy 1sotope of hydrogen CH) that disintegrates radioactively to helium
t'He) at a haif-life of 12.3 years (Mazor. 1991). After 12.3 vears. half of the initial amount of
tritium has decaved 1o helium. The concentration of tritium in water is expressed in tritium
units {TU), which is a ratio of tritium to iivdrogen atoms. The T/H ratio of 10" is defined as
one TU.

Tritium is produced naturally in the atmosphere by the radioactive decay of
nitrogen (*N). Tritium atoms are oxidized to water. become mixed with precipitation, and
eventually enter the ground-water svstem. Natural production of tritium introduces about
5 TU 1o precipitation and surface water. In the saturated zone, water is iselated from the
atmosphere and the tritium concentration drops due to radioactive decay.

Using a measured value for trittum and a half-life curve {tritium concentration as a
function of tume:. however, does not lead 1o a precise age for the ground water. Asa
consequence of recharge, water accumulates and mixes over time in the aquifer such that the
age obtained from tritium data is an average or etfective age (Mazor, 1991). Smith and
Wheatcratt (1993) refer to this “ground-water age”™ as an estimate of the subsurface residence
ume of ground water since 1t was iselated rom the atmosphere and soil gas.

Hydrogen bomb tests which began in 1932 in the northern hemisphere added large
ameunts of tritium to the atnosphere, completely masking the natural tritium input. The peak
of man-made tritium production was in 1963, which was the same year that atmospheric
testing was halted by international treaty. Since this testing stopped. the tritium content of
precipitation has been declining. The tritium content of precipitation has been measured at a
worldwide network of stations since the end of testing. These data are normally presented as
concentration curves of the annual weighted average of rritium since 1961. Concentration
curves from the network show:

. values in the northern hemisphere that are much higher than those in the
southern:
. summer peaks and winter lows related to the annual redistribution of tritium in

the aumosphere: and

. significant vartance from one station to another in terms of the tritium
concentrations.

As noted earlier, due to mixing of recharge waters in the aquifer over time, the age of
a ground-water sample is an effective age. Further estimates of an effective age are only valid
if it is known that the water is derived from a single source/single aquifer system. If older
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Jround vater from a bedrock aquifer were o mix with vounger water trom an adjacent
shallow aquifer. the effective age would oniv retlect dilution. [f the appropriate concentration
curve 15 available (1.¢, from a geographically nearby station). 3nd if the sample was collected
from a single source/aquifer unit. then an effective age can be assigned. According to Mazor
11991, water that has zero tritium {in practice, <0.53 TU) has a pre-1952 age. Water that has
significant tritium concentrations (in practice. > 10 TU) is of post-1952 age. Water that has
concenirations between 0.53'and 10 TU scems o be a mixture of pre- and post-1952 water.

Water samples for ritium analyses were collected in 1-liter brown glass bortles. No
head space was allowed in these samples. Six sampies were collected in May 1994 and three
in November 1994. All samples were sent to Chempet Research Corporation in Moorpark.,
California for analysis. The enriched tritium procedure allows for a precision of 3.8 TU. The
results of the tritium anaiyses for the May 1994 sample are presented below. (The results of

Given that the open pit operation (which was the source of the dump material) began in
the late 1960s, the tritium data. supported by water chemistry, indicates most, if not all, of the
water collected from the dump seepage at the head of Capulin and Goathill Canyons is derived
from the dumps. The values greater than 10 TU for the wwo waste dump samples indicate

D-8
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the November 1994 analyses are discussed in Section 4.0 of the main text of this report.)
Resuits of Tritium Analyses
- Sample No. Site Description TUt2a
3 ge f base of the Capulin Canyon mine waste- < E
CCS-1 seepage from the ) y 151 +2.2
'. rock dump

CCs-2 i fresh water spring, west side of Capulin Canvon 123+1.8

CCS-3 | bedrock seep in an adit. west side of Capulin Canyon §0+14
GHS-1 1 seepage from the base of the Goathill Gulch waste-rock dump 16.7 £ 2.4

GHS-3 bedrock seep on the divide near the head of Goathill Gulch 85+14
Cabin Springs | seeps on the north bank of the river behind the Cabins 17.5 £ 0.6
MMW-11 bedrock well near Sugar Shack South waste-rock dump 16.9 £ 0.6
MAMW-3 bedrock well in lower Capulin Canyon 4.38+£0.14
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=ost-1952 water.  Without the appropriate tritium concentration curve, a more precise effective
Jge cannot be made.

Water {rom (e freshwater spring that flows at 12 gallons per minute (gpm) may also
~e¢ post-1952, but considering the standard deviation, it could be a mixture of older perched
water and post-1932 water. The two bedrock seeps appear 10 be a mixwure of pre- and post-
1932 water. inthe case of the Goathill Gulch sample. the seep lies several hundred feet below
ne CapulineGoathill mine waste-rock dumps and may include oider perched water and dump
ieachate that has intiltrated the bedrock. Likewise, the adit sample may include water from
are- and post-adit fractures (caused by excavation of the adit). The tritium values tor these
tedrock sampies reflect dilution rather than effective age.

The average tritium concentrations for precipitation per vear have been collected at
various world-wire weather stations since 1961. The weather station closest to the Red River
area i$ Flagstaff, Arizona: however, telephone calls to the Flagstatf weather station and several
avidrologists wio use tritium data failed to locate such a database. Mazor (1991) illustrates
olots of TU agatnst vears for several different siations. The nearest station in terms of similar
~-jrude is Hatieras, North Carolina, on the east coast. Although the average tritium

—sincentration curves from the northern hemisphere stations are similar (peaks and troughs
-oughly correspond and their slopes are similar). the absolute value for TU in any one year
aries by an order of magnitude or less depending on station location. These absolute values
are related o atmospheric circulation patterns.  To obtain a reliable esumate of the
signiticance of the TU values for the mine samples. a station about the same latitude but in the
western United States would be preferable.

As an example of the application of trivium results, using the Hatteras data from Mazor
11991). precipiation infiltrating the ground in 1970 would have contained about 75 TU, In the
intervening 24 vears (1970 1o 1994), the tritium would have radicactively decayed, leaving '
about 22 percent (Mazor, 1991, Figure 10.1) of the tritium retained in a 1994 water sample.
Assuming no mixing of oider and younger water. there should be about 16.5 TU left in the
sample. This value is within the range of the “voung” water samples collected in the Mine
Area {e.g. CCS-1. GHS-1, Cabin Springs. and MMW-11). If the Hatteras data can be applied
here. these results. combined with the water chemistry of these samples. indicate water stored
in the waste-rock dumps (constructed in the 1970s) could be a source. However, with the
limited amount of <ite-specific hydrogeological data available. a natral acidic seepage source
following a short tfiow path (from recharge to discharge zone) or traveling paraiiel to a highly
permeable zone (short travel time) can not be entirely ruled out. The relatively high TU value
for the spring at CCS-2 may be an example of a short flow path.

‘ Pre-1932 ground water contained about 3 TU. In the intervening 42 years (1952 to
_594). approximately § percent of the tritium would be retained which corresponds to 0.4 TU.
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[t ground water was recharged with pre-1932 water without anv subsequent mixing, it should
contain about 0.4 TU. Samples such as MMW-3, CCS-3, and GHS-3 or those with results in
the 0.5 to 10 TU range are mixtures of young {post-1952} and older (pre-1952) water (e.g. an
average value for a mixwure of 16.5 TU and 0.3 TU water is .43 TU).

D.5  Stable Isotope (Lead and Strontium) Study

Eight water samples from the Mine Area tfour trom Capulin Canyon. two trom
Goathill Gulch, one from the Red River, and one trom Hot-N-Tot Canyon) were analyzed for
lead and strontium isotopic composition (Chempet. 1994). The limited objective of this study
was 10 evaluate if any isotopic differences between natural acidic ground water and acidic mine
drainages could be detected. To demonstrate statistically significant differences, a much larger
number of samples. taken at different times of the vear to assess seasonal effects and from
varied geologic sertings, would need to be collected. Furthermore. isotopic analyses of
bedrock. dump. and alluvial source materials would have to be made to evaluate water/rock
:nteractions and causes tor any detected differences.

- Both strontium and lead consist of radiogenic and non-radiogenic isotopes. In general,
x5 the result of radioactive decay of the parent element. the radiogenic component increases
with time. However. the ratio of radiogenic to non-radiogenic isotopes in any given sample
containing lead or strontium is not a tfixed value. The value depends on the history of the
sample: how much of the radioactive precursor was present in the sample originally and how

much of the radioactive eiement of strontium or iead has been removed tfrom or added to the
sample at a later time.

Three stable isotopes of lead (Pb) -- 206 Pb. 207 Pb. and 208 Pb -- are radiogenic and
are derived by radioactive decay of 238 uranium. 2335 uranium. and 232 thorium. respectively.
Another stable isotope, 204 Pb, is non-radiogenic and is used as a reference isotope in the lead
svstem, Stronfium (Sr) has four naturally occurring stable isotopes -- 88 Sr, 87 Sr, 86 Sr. and
84 Sr. Onlv one of these (87 Sr) is radiogenic. It is derived from the radioactive decay of 87
rubidium. The reference isotope is the non-radiogenic 86 Sr. and the ratio of 87 Sr to 86 Sr
(87 Sr / 86 Sr) is used in evaluating biogeclogical processes. The purpose of both lead and
strontium isotope studies, other than age of the sample. has been to identify probable source
material(s). mixing of water from multiple sources. and. from this. flow paths in a ground-
waler systemt.

Isotopic studies which focus on a particular mineral (such as galena from an ore
deposit) may result in a very narrow range of ratios (age) which are statistically indistinct.
However. when ground water or surface water which has reacted with a greater variety of
rack types of different ages and different histories is examined isotopically, the range of values
" __:ens and isotopic distinctions may be evident. At Questa. Oligocene to Miocene
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TABLE DI
1994 MONITOR WELL WATER QUALITY DATA FOR MINE AREA
MOLYCORPINC, - QUESTA, NEW MEXICO
(Page 1 of 3)

.
orredle T TO
1994 (feet) (rm). o) - Gotbunios ) (mg'l) (gl (mg'l) (g3 bt &) une 1)

MMW.-2 B-Nov | 68 | 3169 50 | sw | toke | 79 ‘1 ~ < ¥ o8 244 o
MMW-3 CTNoy | M0 D 27760 80 7.50 Yure oo f oo~ 222 ! 12 3% 2.39 1700
Maw | aner | a6 e | e | s Do [oa Do ET T RO T Ty
DUP-lA @ | 7-Nov | NA NA NA NA NA NA <1 <1 <l < 2 098 - | 10500
MMV_Y)_M r_n[«gnf !75 ) ‘)977 1 7 04 RN A ~ ters ] 1us w7 272 1,
MMW-8 ] 8-Nov | 129 | 9603 | 112 f 640 | Lo | 0 <l 4 My ] et p 1 Se  f LBY 0 Tio
MMW-10a [ aNoy | aas |2 | o [ Cswe |2 [ aw [ f e s ar 2 [ e
DUP-12B( | #Nov [ NA  NA NA NA NA NA o =<t ¢ = el <l 26 J196 L Lo
MMW-10A () [ 19-Nov | NA NA NA NA NA NA “1 i ol <t 26 8.2% 1,200
MMW-1083 TNov | 189 | 21.57 140 790 | 2250 10.1 1o “1 ot To % 12.2 o0
maw-10¢ [ wNov | s |2k e b oo o2 o | f ST 20 15 4 0
MMW-11 | T-Nov | 184 8671 1 _ 130 ) 560 ¢ 2450 ) 187 4 o <v oot bt 22 176 [,100
MMW-13 8-Nov | 145 | 10598 130 7.00 2,280 59 <1 200 < 200 54 167 7 |

NOTES:

(1) plf, CONDUCTIVITY AND TEMPERATURE WERE RECORDED WHEN §AMPEED,

{2) - Dup 11A = DUPLICATE SAMPLE FOR MMW-7

{3}- Dup 12B = DUPLICATE SAMPLE FOR MMW. 104

(4} - SAMPLED AFTER AQUIFER TEST

NA - Not Available

SOURCE: SAMPLES TAKEN BY SPRI ANALYTICAL KESULTS UROA AMULYCORP,

001-08. %18 KNMED 1194, XL S
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TABLLE DI
1994 MONIFOR WELL WATER QUALITY DATA FOR MINE AREA
MOLYCORDP, IMNC. - QUESTA, NEW MEXICO
(Page 2 of 3)

MONITOR WELL TS SILVER | ALUMINUM] ARSENIC BARIUNM BERYLLIGM | CALCIUM CADMIUM COBALT CHROMIUM COUPER 1IRON MERCULRKY
(mg/l.) {mp/L) (mg/l.) g/l (mp'l) (gl (mg.) (mg/l.) (mg/l) (nl.) (myl) (mg.) (mgl)
ey R
w— IMMW-2 . 3400 | <0.10 63.5 3 <1005 SOuto uu1s 501 0.024 0250 ~0 .01 .08 508 ~0 1K) 2
Mdws 2000 Lol |oogs ] oos | oons7 | coves | s67 | oo | o00s0 | osbo | <0010 | 0076 | 0002
MMW-T [ d6oo0 | <050 | w3 | cwos | oaaok | oos 544 0.096 491 o 193 484 g <0 G2
pUP-11A ey | 16000 | <0sa | val 005 | 0074 0122 534 0.0 4 017 S04 375 <0 Ok
muw-ka | 2200 | <ot | swos | cesos | vior | covay |ods6 L oowoz | e | oam |osveno | 281 | o0
MMW-SB | L100 | <00 | 044 | <00 | o016 | svsas | 206 <0005 | <onio | sogto | <0010 | <o0sn | <000
MMW-10A | 1900 | <010 | 334 | <0005 | coolo | oo |275 | 028 |00 | <0010 | 0SSE ] <0050 | 00002
DUP-12Bw | 1700 | <oto | 342 | <ooos | coono | oooms |20 | eea | o007 | osoon | 0ss | <0050 | soow
e [MMW-10A ¢y | 1700 | oo § 306 | cmons | ocootor] wwss | 245 [ 00224 | 004) w010 | usi | ooose | <0000
—(Mmw-to8 | 1goo | <oro | wae §ocomos | ooom | oowor |37 | eers oo | osaoto fooam | oa0r | soom
e IMMw-t0c " E nao0 | cote [T F <ovos | oo | oo fo204 | 0026 [o0aa6 | osomo foo03s | 0050 | sooo0
MMW-IL_ [ 2000 | <010 | 563 | <vpos | oei6 | amy | 276 | oes | w2d6 | ewds | e |oea2p | souo
MMW-13 1,404) <).10 <0.05 <1005 0036 <u:(m4 Il6 <0.0005 0.013 <0 010 <0.010 0.19% «~0ANN)2
NOTES:
(1) pH, CONDUCTIVITY AND TEMPERATURE WERE RECORDED WHEN SAMPLED.
(2)- Dup 11 A = DUPLICATE SAMPLE FOR MMW-7
(3)- Dup 12B = DUPLICATE SAMPLE FOR MMW-10A
(4) - SAMPLED AFTER PUMP TEST
SOURCE: SAMPLES TAKEN BY SPRI, ANALY TICAL RESULTS FROM MOLYCORP. K-) dt(_::,
001-05 XLS NMEDI194.X1 5
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TABLE DI
1994 MONITOR WELL WATER QUALITY DATA FOR MINE AREA
MOLYCORP,INC. - QUESTA, NEW MEXICO

( (Page 3ol 3)
MONITOR WELL POTASSIUM | MAGNESIUM | MANGANESE | MOLYBDENGA [ SODIUM NICKEL LEAD ANTIMONY | SELENIUM SIICON THALLIUM | VANADIUM FARNS
(mgfL) (1) (L) g1 ) ) | gl | gty | ey ) | o) (/L) (mgl) (myl)
——IMMW-2 B ERLE: JC_ 137 521 ) -uo [ nal “0.002 <0 05 s 0.1 ~0.008 <0.010 DIET 1
MMW3 LT3 962 s oz s | ez [sowor| <o0s | wacas |76 | coees | osaane |
MMW-7 120 | 1250 2.1 uie 175 105 I 0025 227 R UL 7
bDUP-liagy } 121 1 1230 | 73 -0 178 1.7 ] 006 | <025 4 <0625 5 226 0008 ) 0106 LR
MMW-BA (3B | 836 TAS p o s002 1 4LS | ~0020 50002 <00s | <0003 3L ) 0005 <0.010  ~0osy
MMWEB {29 ) 385 e “0.02 339 0059 | <0002 1 <005 | <0005 | 173 <0005 [ <0010 4 02N
mvw-10a | 28 |71y | s | oo | o265 | oe3s | <oeo2| <eos | o<ooos | M3 | <a00s | <0010 |2
DUP-12B (3) 25 | 163 S 128 <002 w4 | 0203 |<0002| <00s | <oos | o | <oo0s | <0010 207
e (MMW-10A (9 | 3.7 602 [ 131} om 256 0279 ) 0004 ) <005 3 0o ) L] ~0005 ) <0010 2od
e MMworo | 35 803 | &ss s <02 258 | w200 | 0021 | <005 | <005 128 | <0005 | <ooio s
— [MMW-10C 28 T_ 752 | 163 ' <i;.ui_ 202 n-_(_:.l-g'z sqw,u'n-zﬁ ) %d n§ \gi‘.nu:s ‘9-_'_1 ~OKS L <0010 32
MMW-11 34 | 13 [ sz | wuer | 2ss | osey | ooxe | <005 | <oous | 132 | <ooas | <vato 50
MMW-13 5.4 w7 | 10 0w 0 w00 | <0002 | <ons <0.005 LR <0.005 <.010 42
NOTES:
(1) Ph, CONDUCTIVITY AND TEMPERATURE WERE RECORDED WHEN SAMPEED. “7
(2)- Dup 114 = DUPLICATE SAMPLE FOR MMW-7 / s / - . /
(3) - Dup 128 = DUPLICATE SAMPLE FOR MMW-10A eeSe {"/C‘ ‘}?,b L/S‘t’e/ ‘ //7

(4) - SAMPLED AFTER PUMP TEST
SOURCE: SAMPLES TAKEN BY SPRI, ANALYTICAL RESULTS FROM MOLYCORP. G’k/ Padl ) { i«u - A
/‘ Stsrdes in

001-06. XL 5 NMEDT194.X1L 5
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TABLE D4

WATER QUALITY OF MINE WATER
MOLYCORP, INC. - QUESTA. NEW MEXICO

J

¢

N
EL::; ‘:ifm Shs a}f;l I;::;,l: Shaé‘t c:I:l 1 Sha{r[ 0.\;0.1 Shlaétogkgl sr;an?;g.z ?:xv): ‘ I(D:line " Open Pit ]

| mef) | (mgl) ' (mgl) | | (meD) | (mel) |
Date NA . NA | 1094 10/94 NA | NA | 1094 | 1094 |

“ pH 69 17 i 696 696 12 ) 15 | er | 31|
Aluminum NA O NA | 05 05 05 | 12 | 1o | 3030 |
Sulfate 1455 1480 . 166 1,720 1345 | 1004 | L720 | 10361 |

. DS 3072 338 . 3.276 3,384 3064 1 2468 | 3,507 1 24420
Fluoride NA ¢ 131 f NA NA 50 | 710 NA | MNA

. Cadmium 0005 . 001. | <00l <0.01 <0005 | <0.00S <0.01 0.304
Lead <010 i <010 | <010 <0.10 <010 | <01 <0.10 <0.10

Iron 830 - -1 <005 | 500% | 46.2° <0.05 <0.05 39 164.0

: Manganese 86 ¢ 155 s ot 120 510 ) 120 13.30 408.0

- Zinc L3 ¢ 030 ¢ 0283 1.54 270 | 280 1.52 70.1
Copper <001 002 . 003 0.03 <001 | <001 0 6.7

h - \olybdenum 2.70 220 o 222 180 | 1.20 244 | 04l

TV 7 | Arsenic €001 . <001 - NaA NA <001 | <001 | NA | NA
Mercury <0.20 <0.20 NA NA <020 | <020 | NA | NA

: * Total Iron

F 001-05.X1$
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